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Morphometric aspects of reflux nephropathy
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Morphometric aspects of reflux nephropathy. We have studied the
relationships between renal size, glomerular hypertrophy and sclerosis
and renal function in adults with retlux nephropathy. A digitizer was
used to measure the renal surface areas in intravenous pyelogram films.
This was then corrected for patient size by dividing by the area of the
first three lumbar vertebrae. In renal biopsies, glomerular surface area
and the proportion of segmentally and globally sclerosed glomeruli were
measured and compared With a control group of 17 renal donors. Of 57
patients studied, 45 had intravenous pyelogram films and 32 had renal
biopsy tissue available from the time of presentation, 20 had both.
Thirty—one were followed for two years or more (median 6 years, range
2 to 11 years). There were positive correlations between corrected renal
size and renal function, and inverse correlations between these and
maximum glomerular size, the proportion of scierosed glomeruli and
vascular wall thickness. Proteinuria correlated best with the proportion
of segmentally sclerosed glomeruli. As a prognostic guide, the strongest
correlations were between rate of functional decline and percent
segmental sclerosis, urine protein excretion and creatinine clearance at
presentation. These studies confirm expected relationships between
renal size, glomerular size and renal function and suggest that the
severity of segmental sclerosis is a major factor in eventual decline into
renal failure.
In patients with reflux nephtopathy, renal scarring occurs in
childhood, usually associated with concurrent vesicoureteral
reflux and urinary infections [1, 2]. Further focal renal scarring
rarely occurs in adult life [3, 4], yet some patients undergo
progressive renal functional deterioration independently of on-
going reflux, urine infection or hypertension [4—6]. In these
cases proteinuria is an early feature and reflects the presence of
focal glomerulosclerosis (FGS) [4—7]. Studies have suggested
that loss of renal mass leads to haemodynamic alterations and
"hyperfiltration" in the residual nephrons, which in turn lead to
ongoing glomerular damage [8—11]. One would therefore expect
a correlation between reduced renal mass and the development
of glomerular sclerosis. Few attempts have been made to
quantitate the residual mass of renal tissue in patients with
reflux nephropathy. In children a correlation has been found
between renal function and renal size as seen in intravenous
pyelograms [12]. In adults detailed studies have not been
performed, although it has been suggested that this relationship
does not exist [13].
In animal studies loss of renal mass is followed by compen-
satory enlargement of residual nephrons, affecting all compo-
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nents, and preceding the development of glomerulosclerosis
[14]. In man, little attention has been paid to glomerular
hypertrophy, although it is known to be a feature of reflux
nephropathy [13] and a relationship between glomerular hyper-
trophy and FGS has been shown in patients with single func-
tioning kidneys [151.
We have therefore studied renal and glomerular size in adult
patients with reflux nephropathy to determine whether they
bear any relationship to renal function, glomerular sclerosis and
prognosis.
Methods
The patients were adults (>15 years) with reflux nephropathy
according to the radiological criteria for chronic pyelonephritis
as described by Hodson and Edwards [I]. The patients repre-
sented about 20% of our experience during the period 1973 to
1984 and were selected on the basis of availability of intrave-
nous pyelogram films or renal biopsy tissue from the time of
presentation. Controls for histological studies were renal biop-
sies taken immediately post-transplant from cadaver renal
donors with documented normal renal function and blood
pressure.
Radiological morphometry
The renal surface area was calculated from the intravenous
pyelogram. Using five and ten minute films the renal outlines,
pelvicalyceal systems and the bodies of the first three lumbar
vertebrae were traced onto transparent paper. A digitizer
interfaced with a computer programmed to measure the surface
area of closed figures (Hewlett—Packard, Elkhart, Indiana,
USA) was then employed to measure the surface area of the
kidneys and the first three lumbar vertebrae. Renal size could
then be expressed as total, renal surface area (TRSA) and
corrected for patient size and magnification errors by division
by the vertebral surface area (VSA). The accuracy and repro-
ducibility of such computerized digitometry for renal surface
area has been previously documented [16].
Histological morphometry
Renal biopsy specimens were cut at 1 to 2 m and stained
with conventional histological stains. Evaluation was per-
formed in an observer blinded manner.
The non-sclerosed, segmentally sclerosed and totally scle-
rosed glomeruli in each biopsy were counted. If five or more
glomeruli were present the proportion of sclerosed glomeruli
was expressed as a percentage of all glomeruli. The surface
areas of all non-sclerosed glomeruli seen in every tissue section
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Sex 13 males (23%), 44 females (77%)
Renal scarring 33 bilateral (58%)
24 unilateral (42%)
Vesicoureteral reflux' 17 bilateral (40%)
7 unilateral (15%)
19 negative (44%)
Age years
Mean Median
30.7 9.6 29
Range
16—68
Plasma creatinine mmollliter 0.16 0.12 0.12 0.06—0.7
Creatinine clearance mI/sec 1.05 0.56 1.0 0.2—2.1
Urinary protein excretion
gl24hrs 0.99 1.15 0.4 0.1—5.44
were measured by projecting the microscopic image onto the
digitizer attached to a computer programmed to measure sur-
face area and following the outline of Bowman's capsule. The
mean and maximum surface area of the glomeruli in each renal
specimen could then be calculated. The maximum glomerular
surface area represents the sectioning of the largest population
of glomeruli through their midpoint, hence the maximum
glomerular size.
To analyze the vascular wall thickness, sections stained by
Weigert's method for elastic lamina were studied using the
same method, and the radius calculated. To allow comparison
between vessels with different diameters the wall thickness was
then expressed as a proportion of the vessel radius.
Follow—up
Patients followed for two years or more were included in
studies to determine the prognostic significance of biochemical
and morphometric features at presentation. The rate of renal
functional decline was expressed as the percentage change in
the reciprocal of plasma creatinine per year [17, 18].
Statistical methods
Correlation coefficients were calculated using Pearson's
method and tested for significance by a two tailed test using the
Statistical Package for the Social Scientist (S.P.S.S.); Wilcoxon
and chi squared tests with Yates correlation were used where
appropriate.
Results
Fifty—seven patients were studied (Table 1). Forty—five had
intravenous pyelogram films and 32 had renal biopsy tissue
available from the time of presentation; 20 had both. At
presentation 29 patients (51%) had impaired renal function
(plasma creatinine >0.11 mmol/liter) and 41(72%) had protein-
uria (>0.2 g/24 h). Urinary protein excretion per 24 hours on
presentation correlated positively with plasma creatinine con-
centration (r = 0.501, P < 0.001) and negatively with creatinine
clearance (r =
—0.419, P < 0.01).
Radiological studies
Intravenous pyelograms at presentation were available from
45 patients (median age 29, range 16 to 68 years).
There was a significant negative correlation of renal size
(TRSA/VSA) with plasma creatinine (r —0.655, P < 0.001)
and a positive correlation with creatinine clearance (r = 0.700,
P < 0.001; Fig. I). The correlation with urinary protein excre-
tion was weak and negative (r =
—0.406, P < 0.01)
Histological morphometry
Renal biopsy specimens were available from 32 patients and
17 control subjects (Table 2). The age and sex distribution of the
two groups were similar. The number of glomeruli in each
biopsy ranged from 2 to 35 (mean 13 8.7) and the number of
vessels from 4 to II (mean 5.5 2.0), In three patients fpur or
less glomeruli were present, hence the proportion of scierosed
glomeruli was not calculated.
In three of the 17 control subjects (18%) globally sclerosed
glomeruli were seen, but represented less than 5% of all
glomerular sections in each case. In patients with reflux
nephropathy global sclerosis was seen in 24 (75%) cases (g =
12.53. P < 0.001), representing up to 58% of glomerular
sections. Segmental sclerosis was not seen in controls but
occurred in 72% of patients (g = 20.23, P <0.001) in up to 50%
of glomerular sections in individual cases.
Patients had larger glomeruli, with the maximum glomerular
area in each case varying from 2.00 to 9.96 square mm x l02
compared with 2.02 to 3.89 square mm x l0 in control
subjects (Fig. 2; Wilcoxon test, P < 0.001). The mean glomer-
ular diameter in the patients was 191 35 m and in the
controls 144 II xm. Patients also had thicker vessel walls,
with the proportion of vessel radius occupied by wall ranging
from 36 to 74% compared with 27 to 44% in controls (Wilcoxon
test, P < 0.001).
Correlations between histological findings and renal function
Globally sclerosed glomeruli were more commonly seen in
patients with elevated plasma creatinine, Eighteen of 20 (90%)
patients with plasma creatinine >0.11 mmol/Iiter while 5 of 12
Table 1. Clinical details of patients with reflux
nephropathy at presentation
a Micturating cystograms were available from 43 patients.
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Fig. 1. Relationship between renal size, as expressed by total renal
surface area divided by the area of the first three lumbar vertebrae in
intravenous pyelogra,ns, and creatinine clearance. (N = 45, r = 0.7, P
< 0.001).
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Table 2. Comparison of histological parameters between patients with reflux nephropathy and controls
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Patients Controls P
Number 32 17
Sex 10 M, 22 F 6 M, 11 F NS
Age years 26(16—47) 31 (18—49) NS
Glomerular sclerosis
% global scierosed glomeruli 14 (0—58) 0 (0—5) <0.001
% segmentally sclerosed glomeruli 17 (0—50) 0 <0.001
Glomerular size
Maximum glomerular diameter 244 (160—356) 195 (160—223) <0.001
micrometers
Maximum glomerular surface 5.22 (2.00—9.96) 3.00 (2.02—3.89) <0.001
mm2 x J02
Vessel wall thickness 47 (37—74) 36 (27—44) <0.001
% of vessel radius
All values expressed as median (range)
Table 3. Correlation coefficients (r) between histological
morphometric results and renal function
Urine
Plasma
creatinine
Creatinine
clearance
protein
excretion
Glomerular sclerosis
% global sclerosis 0.83' 0.47a
% segmental sclerosis O.S2t 0.68c 0.75
Glomerular size
Mean glomerular diameter 0.75c —0.76 049b
Maximum glomerular 085b 0.54k
surface area
Vessel wall thickness
Proportion of arterial wall 0.66 0.41a
thickness to vessel radius
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Fig. 2. Maximum glomerular size in renal biopsies ,fro,n patients with
reflux nephropathy compared with renal donors with no renal disease(P < 0.001).
(42%) patients with plasma creatinine 0. 11 mmol/liter had
globally sclerosed glomeruli ( = 6.44, P < 0.01). Segmental
lesions were seen in 17 of 20 with plasma creatinine >0.11
mmol/liter compared with 6 of 12 with plasma creatinine 0. 11
mmol/liter ( = 2.98, NS).
Correlations between morphometric findings and renal func-
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N = 17
P < 0.05
P < 0.01
P < 0.001
tion are shown in Table 3. Strong correlations were found
between the proportion of globally and segmentally sclerosed
glomeruli and creatinine clearance. Segmental sclerosis corre-
lated strongly with urinary protein excretion (Fig. 3) while
global sclerosis did not. The correlations of maximum glomer-
ular surface area with both plasma creatinine and creatinine
clearance (Fig. 4) were highly significant, as were the correla-
tions between mean glomerular diameter and renal function.
Most of the vessels in the biopsy specimens were small
arteries and arterioles (25 to 400 t diameter). There were
significant correlations between arterial wall thickness and
plasma creatinine, creatinine clearance and protein excretion.
Correlations between radiological and histological
morphometry
Radiological renal size, as expressed by TRSA/VSA, corre-
lated negatively with maximum glomerular surface area (r =
—0.78, P < 0.001) (Fig. 5) and percent globally sclerosed
glomeruli (r = 0.71, P < 0.001).
Long—term follow—up
Thirty—one patients (median age 29, range 16 to 68 years)
were followed for a mean 5.4 years (median 6 years, range 2 to
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Fig. 4. Relationship between maximum glomerular size and creatinine
clearance (N = 32, r = —0.76, P < 0.001).
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Fig. 5. Relationship between maximum glomerular size and renal size,
as expressed by total renal surface area divided by the area of the first
three lumbar vertebrae in intravenous pyelograms (N = 20, r = —0.78,P < 0.001).
Table 4. Correlation coefficient (r) between rate of renal functional
decline and functional or morphometric parameters at presentation
Rate of renal
functional decline
Rate offal! of
reciprocal of
plasma creatinine
per year
Renal function (N = 31)
-
Plasma creatinine 0.38a
Creatinine clearance
Urine protein excretion 0.72l
Radiological renal size (N = 23)
TRSA/VSA 0.5l
Histological parameters (N = 20)
Glomerular sclerosis
% global sclerosis 0.6la
% segmental sclerosis 0•84b
Glomerular size
Maximum glomerular surface area 0.48 NS
Mean glomerular diameter 0.45 NS
this relationship also exists in adults, correcting TRSA for
patient size by dividing by the surface area of the first three
lumbar vertebrae.
In both experimental animals and man, loss of renal sub-
stance by a pathological process, nephrectomy or renal ablation
is followed by compensatory hypertrophy affecting most or all
components of the residual nephrons [2 1—241. In rats the degree
of compensatory growth closely correlates with the amount of
renal tissue removed [25—31], and in one study in man glomer-
ular size was shown to vary inversely with the total renal
volume (by displacement) of kidneys removed at autopsy from
subjects in whom compensatory hypertrophy was presumed to
exist [32]. The renal scarring characterising reflux nephropathy
in man is believed to occur in childhood [1, 2]. It therefore
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Fig. 3. Relationship between the frequency of segmentalv sclerosed
glomeruli in renal biopsies from patients with reflux nephropathy and
their 24 hour urinary protein excretion (N = 29, r = 0.75, P < 0.001).
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II years) (Table 4). The mean change in plasma creatinine was
0.13 mmol/liter in the 31 patients. The rate of functional decline
correlated negatively with creatinine clearance and positively
with daily urine protein excretion and the proportion of seg-
mentally scierosed glomeruli. Little or no correlation was found
with other parameters.
Discussion
A correlation between renal size and function has previously
been demonstrated in both normal subjects [19] and patients
with a variety of renal diseases, though not adults with reflux
nephropathy [20]. In 22 children with vesicoureteral reflux,
Aperia et al [12] showed TRSA corrected for body surface area
correlated with renal function. We have now demonstrated that
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seems likely that in adults hypertrophy of residual glomeruli
should be demonstrable, and that this should correlate inversely
with the residual renal mass. We have shown that the size of
residual glomeruli correlates with reduction in renal size, as
demonstrated radiologically, and with impairment of renal
function. The patients glomeruli had a mean diameter of 191
35 im, compared with 144 11 m in our controls, and with
146.8 22.8 tm in a group of 22 patients with minor renal
abnormalities recently studied with similar methods by
Klingebeil, Gise and Bohle [33]. In normal controls maximum
glomerular area did not exceed 3.89 square mm x 10-2, while in
patients with reflux nephropathy, particularly those with im-
paired renal function, glomeruli as large as 9.96 square mm x
10-2 in area could be found. The maximum glomerular surface
area and the mean glomerular diameter correlated inversely
with renal size and creatinine clearance (P < 0.001). We have
introduced the concept of maximum glomerular surface—area
since it realistically expresses the maximum size of glomeruli in
the biopsy tissue. The alternatives area the mean glomerular
diameter, which includes consideration of glomeruli not sec-
tioned through their midpoint, and hence is smaller; and con-
sideration only of glomeruli assessed to be cross—sectioned
through the vascular hilum, which limits the number of glomer-
uli available for assessment. In very damaged renal tissue only
a few glomeruli may be present, and in these cases if none are
sectioned through their centre there could be underestimation
of glomerular size; since this mainly occurred in patients with
small kidneys and poor function, we believe that any error
introduced in this way would not have altered the correlations
seen.
As expected, patients with reflux nephropathy also showed a
much larger proportion of globally or segmentally sclerosed
glomeruli than normal controls. In rats with experimental 5/6
nephrectomy, glomerular hypertrophy is followed by protein-
uria and FGS [14]. One theory of the pathogenesis of these
glomerular lesions is that they are the consequence of altered
intraglomerular transcapillary pressures resulting in chronic
hyperfiltration in the residual glomeruli [8, 9]. Our finding of
correlations between glomerular hypertrophy, focal and seg-
mental sclerotic lesions and proteinuria is consistent with this
proposal.
In a study of solitary functioning kidneys in humans it has
been suggested that, in the setting of reduced nephron numbers,
nephron destruction via FGS is initiated when compensatory
glomerular hypertrophy has reached its limits [15]. In our study
FGS was seen in some glomeruli when all other glomeruli were
only slightly larger than normal or within normal limits and
certainly not maximally hypertrophied. In patients followed
from 2 to 11 years, the extent of FGS, as measured by the
percentage of segmentally sclerosed glomeruli and the severity
of proteinuria, correlated better with progressive renal func-
tional decline than those induces more directly influenced by
the hypertrophic response to initial scarring, such as renal size
or maximal glomerular size. This highlights the necessity for
further studies to explain the pathogenesis of FGS in reflux
nephropathy.
Reprint requests to Dr. G. J. Becker, Department of Nephrology, The
Royal Melbourne Hospital, Parkville, 3050, Victoria, Australia.
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